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ABST PACT OF THE DISCLOSURE 

The present, invention provides a simered silicon carbide 
.j ig production method capable of simply increasing the purity 
5 of a sintered silicon carbide jig. A method of producing a 
sintered silicon carbide jig comprising a process in which 
a second sintered body is heated a: a temperature rising rate 
of 3 to 5°C/'min up to heating treatment temperature selected 
in the range of 2200 to 2300°C under an argon atmosphere, kept 
10 at the same heating treatment temperature for 3 hours, and 
cooled at a temperature lowering rate of 2 to 3°C/min- down 
Lo 1000°C. 
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METHOD Of PRODUCING SINTERED SILICON CARBIDE JIG USED FOR 
PRODUCING SEMICONDUCTOR AND SINTERED SILICON CARBIDE JIG 
OBTAINED BY THE SAME PRODUCTION METHOD 

5 Related Application 

This application claims benefit of priority based on 
Japanese Patent Application t iled previous] y by the appl leant , 
namely, Japanese Patent Application No. 2001-343^27 (filing 
date: November 8, 2001), the contents of which are herein 
10 incorporated by reference. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

T.-.rr present invention relates to a method of producing 

15 a sintered silicon carbide jig used for producing 

semiconductors, and a sintered silicon carbide jig obtained 
by this production method. More specifically, the present 
invention relates to a method of producing a sintered silicon 
carbide jig suitable for production of a dummy wafer, and a 

20 dummy wafer obtained by this production method. 

2. Description of the Related Art 

Conventionally, a sintered silicon carbide jig has been 
paid to attention as a material used in the high temperature 
25 range since it has excellent properties such as high 

temperature strength, heat resistance, fricticn resistance, 
chemical resistance and the like. Recently, a sintered 
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sil icon carbide j ig is used as an a Iter native material, to quartz 
as a production jig for semiconductors. 

For use of the above-mentioned sintered silicon carbide 
as a semiconductor-related part, hiqh purity is necessary. 
5 Since it is essential that further high purification is 
required in the further, development of a sintered silicon 
carbide 3 ig of higher purity is required. 

In technologies relating to conventional sintered silicon 
carbide jigs, however, close attention is necessary for 
10 improving the purity of a sintered silicon carbide jig and 
there remains room for improvement in complicated operation 
processes and the like. 

oOrii^nh i hv 1 hh NMvr.Hi 
15 Th- present invention relates to the following described 

matters. 

<1> A method of producing a sintered silicon carbide jig 
uh:ed for producing semiconductors, comprising: 

(a) sintering either a mixture of a silicon carbide powder 
20 and a noninetal-based sintering aid or a molded body prepared 

from the above-mentioned powder mixture, by a hot press method 
to obtain a firs I sintered body, 

(b) subjecting the above-mentioned first sintered body 
to working-treatment Lo obtain a second sintered body, 

25 (c) subjecting the above-mentioned second sintered body- 

to heat treatment under an argon atmosphere at 2000 to 2400°C, 
to outward-diffusing impur i ties in the above-mentioned second 
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s inhered body to remove the impurities to obtain a third 
sintered body, 

(d) subjecting the above-mentioned third sintered body 
to surface working treatment to obtain a sintered silicon 

5 carbide jig, and 

(e) washing the above-mentioned sintered silicon carbide 

j ig. 

<2> The method of producing a sintered silicon carbide 
jig according to <1>, wherein, in the above-mentioned process 

10 (c) , the above-mentioned second sintered body is subjected 
to heat treatment under an argon atmosphere at 7200 to 2300°C. 

<3> The method of producing a sintered silicon carbide 
jig according to <1> or <2> , wherein, in the above-rner: z ioned 
i j l (7 c e s s ( c ) , L ii e clov ^-mer. t ioned second sir. *_e r ed body i s h e a t ed 

15 at a temperature rising rate of 5°C /min up to heat treatment 
temperature selected in the range from 2200 to 2300°C at a 
pressure of 0.05 to 0.1 kg/cnT under an argon atmosphere, kept 
at -he above-mentioned heat treatment temperature for 1 ~o 
5 hours, and cooled at a temperature lowering rate of 3°C /min 

20 down to 1U00X. 

<A> The method of producing a sintered silicon carbide 
jig according to any one of <1> to <3>, wherein the Fe 
concentration on the surface of the sintered silicon carbide 
jig after the above-mentioned process (e) is 0.5xiO i& atms/cirr 

25 or less. 

<5> The method of producing a sintered silicon carbide 
iy according toany one of <1> to <4> , wherein the total impurity 
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concentration on the surface of the sintered silicon carbide 
iig after the above-mentioned process (e) is 1.0*1C :( atms/crn'' 
or less. 

<6> A sintered si" icon carbide jig produced by the 
5 production method according to any of <1> to <0>. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

There has been required a method of producing a sintered 
silicon carbide: : icj capable of simply improving the purity 
10 oC a sintered silicon carbide jig. Further, the embodiment 
of the present invention has been made to obtain a sintered 
silicon carbide jig of high purity. 

First, raw materials used for production cf a sintered 
silicon i*: a l fa i d e j i g o f 1 h e P r e s e n t i n v e r : t i o n w :. 1 1 o p 1 a i ned . 
15 (Raw materials) 

-Sil icon carbide powder - 

The silicon carbide powder used as the raw material of 
a sinter ed silicon carbide j ig of the embodiment of the present 
invention includes an a type powder, P type powder, amorphous 
20 powder and mixtures thereof and the like, and particularly, 
a P type silicon carbide powder is suitably used. The grade 
of this f$ type silicon carbide powder is not particularly 
restricted, and for example, generally marketed P type silicon 
carbide powders can be used . It is pref erabl e that the particle 
25 size of this silicon carbide powder is smaller from the 

standpoint of increase in density, and it is preferably from 
about 0.01 to 10 further preferably from about 0.0 5 to 
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1 |im. When the panicle size is less than 0.01 |im, handling 
in treating processes such as measurement, mi xing and the like 
is difficult, an when over 10 Urn, its specific surface area 
becomes smaller, name", y, contact area with adjacent powders 
becomes smaller, and increase :r: density is difficult, 
undesirably . 

As a suitable ernbod imen t o f a silicon ca rb.i d e powd e r , those 
having a particle size of 0.05 to I Hm, a specific surface 
atea of c j rrT/g or more, a free carbon content of 1% or less 
and an oxygen content of 1% or less are suitably used. The 
particle size distribution of a silicon carbide powder used 
is not particularly restricted, and that having two or more 
maximum values can also be used, from r.he standpoints of 
increase in the filling density of a powder and the reactivity 
of a si*: icon carbide, i n producing a sintered silicon carbide 
j ig. 

For obtaining a sintered silicon carbide j igcf high density , 
i 1 : is advantageous to use a silicon carbide powder of high 
density, as a raw material silicon carbide powder. 

A si -icon carbide powder of high density can be obtained 
by a production method comprising a calcination process in 
which a silicon source containing at least one or more liquid 
silicon compounds, a carbon source containing at least one 
or more liquid organic compounds producing carbon by heating, 
and a po! yrneriza -ion or cross-linking catalyst are uniformly 
mixed to obtain solid which is then calcinated under a 
non-oxidation atmosphere . The silicon source containing 
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liquid silicon compounds , for example, a liquid silicon 
compound can also be used together with a solid silicon 
compound . 

As the silicon compound used for production of a silicon 
5 carbide powder of high purity (hereinaf *.er , appropriately 
referred to as silicon source) , those in liquid form and those 
in solid form can bo used together, however, at '.east one of 
then should be selected from liquid compounds. As the 3 iquid 
compound, polymers of alkoxysilanes (mono-, di~, tri-, te tra- ) 
10 and tetraalkoxysiianes are used. Of alkoxysilanes, 
tet raalkoxys i lanes a r e suitably used . Spec a f ical .1 y , 
meihoxysilano, othoxysilane , propoxysilane , butoxysilane and 
Lhe like are listed, and ethoxysilane is preferable from the 
standpoint of heiiuiii.y . As the polymer of Let raa2 koxi si lanes , 
15 there are mentioned lower molecular weight polymers 

(oligomers) having a degree of polymerization of about 2 to 
15 and silicic acid polymers having higher polymerization 
degree in nhe form of liquid. Kentioned as the solid compound 
which can be used together with these compounds is silicon 
20 oxide. This silicon oxide includes, in the embodiment of the 
present invention, silica sol (colloidal super fine 
silica-containing liquid, containing an CH group or alkoxyl 
group inside) , s 5 i icon dioxide (si 3 ica gel , fine silica , quarts 
powder) and the like, in addition to SiO. 
25 Of Ihese si 1 icon sources , an oligomer of tet raethoxy s i lane 

and a mixture of an oligomer of tet raethoxy silane and fine 
powdery silica, and the like are suitable from the standpoints 
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of excellent uniformity and excellent handling. As these 
si - icon sources, substances of high purity arc used, and those 
having An ini Lial impurity content of 20 pprn or. less are 
preferable and those having an initial impurity content cf 
5 r j ppm or less rare further preferable. 

As "he organic compound producing carbon by heating used 
in producing a silicon carbide powder of high pur icy, those 
in liquid form can be used and additionally, those in liquid 
form can be used together with those in solid form, and 

10 preferable are organic compounds having high ecr.ua! carbon 
ratio and being polymerized or cross-] i nked with a catalyst 
or by heating, specifically, monomers and prep.olyiners of resins 
such as a phenol resin, furar: resin, polyimide, pol yu rethane , 
polyviny: dlcuhui and trie like, and in addition, liquid 

15 compounds such as cellulose, sucrosp, pitch, tar and the like 
arn usee; , pa rticularly , resol type phenol resins a re preferable 
Though the purity thereof can be appropriately controlled and 
selected depending on its object, it is desirable to use an 
organic compound not containing each metal of 5 pprn or more 

20 particularly when a silicon carbide powder of high purity :s 
necessary . 

The ratio of carbon to silicon in the embodiment of the 
present invention (hereinafter, abbreviated as C/Si ratio) 
is defined by element analysis of a carbide intermediate 
25 obtained by carbonizing a mixture at 1C00°C. 

Stoichiometricaily , when theC/Si ratio is 2.0, the free carbon 
content i n the produced silicon carbide should be 0% , however, 
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• actually, Tree carbon is generated at lower C/Si ratio, by 
evaporation of a SiO gas produced simultaneously. It is 
important to previously determine composition so that the free 
carbon content in this produced silicon carbide powder is not 

5 an amount unsuitable for production of a sintered body and 
-he like. Usually, in calcination at a temperature of 1600°C 
or more and a pressure around 1 atm, free carbon can be controlled 
when the C/Si ratio is regulated to 2.0 to 2.5, and this range 
can be suitable adopted. When the C/Si ratio is 2.5 oi more, 

10 free carbon increases remarkably, however, this free carbon 
has an effect of suppressing grain growth, therefore, the ratio 
may also be appropriately selected depending on the object 
of particle "format ion . In calcination ai a lower or higher 
a Liucspl . e r e p r e s s u r e , h o w ever, the C / 3 : r a t i o f o r ob t a i. n i n cj 

15 a pure silicon carbide varies, therefore, in this case, its 
range is not necessarily restricted to the above-mentioned 
C/Si ratio. 

An action in sintering free carbon is very weak as compared 
with that of carbon derived from nonrnetal-based sintering aid 

20 coated on the surface of a silicon carbide powder used in the 
embodiment of the present invention, therefore, is can be 
ignored basically. 

For obtaining sol id prepared by uniformly mixing a silicon 
source and an organic compound producing carbon by heating 

25 in the embodiment of the present invention, it is also effected 
that a mixture of a silicon source and the organic compound 
is hardened to qive solid, if necessary. As the hardening 
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method, there are mentioned a method of cross - 3 inking by 
heating, a method of hardening with a hardening catalyst, and 
a method using eleci.ro beam or radiation. The hardening 
rata: yst can be appropriately selected depending on the si 1 icon 
5 source, and in the case of a phenol resin and a furan resin, 
there are used acids such as to! uenesul f onic acid, 
to] uenecarboxylic acid, acetic acid, oxalic acid, 
hydrochloric acid , sul f uric acid and the like, and amines such 
as hexamine and the like. 
10 This raw material mixed solid is carbonized under heat 

if necessary. This is conducted by heating the solid in a 
non-oxidation atmosphere such as nitrogen or argon and the 
like at 800 to 1.000 C C for 30 to 120 minutes. 

Fiji L her , this carbide is heated in a nor.- oxidation 
15 atmosphere such as argon and the like at 1350°C or more and 
2GC0°C or less, to produce a silicon carbide. The calcination 
temperature and time can be appropriately selected depending 
on properties such as desired particle size and the like, and 
for more efficient production, calcination at 1600 to 1900 C C 
20 is desarable. 

When a powder of higher purity is necessary, impurities 
can be further removed by performing heating treatment a I 2000 
to 2100°C for 5 to 20 minutes in the above-mentioned 
calcination . 

25. As described above, as the method of obtaining a silicon 

carbide powder of particularly high purity, there can be used 
a method of producing a raw material powder described in a 
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meLhod of producing a single crystal filed previously as 
Japanese Patent AppV.icoL.ion No. H7-241856 by the present 
applicant, namely, a method of producing a silicon carbide 
powder of high purity, characterized in that the method 

5 comprises a silicon carbide production process of uniformly 
mixing one or more compounds selected from tet raalhoxysil anes 
of high, pur ity arid t e traa 1 fcoxysi] ane polymer s as a silicon 
source and an organic compound of high purity producing carbon 
by heating as a carbon source, and calcinating by heating, 

10 -.;r;dej a r.on-oxidation atmosphere, the crsuI Led mixture to 
obtain a silicon carbide powder, and a post treatment process 
in which the resulted silicon carbide powder is maintained 
at temperatures of 1700°C or more and less than 2000 6 C, and 
ho-t U eating r.t at tempera turos of 2000 to ?100°C for S to '?.?* 

15 minutes r.s conducted at least once during the abov^-mcntioncd 
tempera :u re ma in Lenance , wherein the above-mentioned twe; 
processes are conducted to obtain a silicon carbide powder 
having a content of each impurity element of 0.5 pprn or .less. 
- Nonme ta 1 -based sintering aid- 

20 As the nonmetal-Dased sintering aid used in admixture with 

the; above-mentioned silicon carbide powder in producing a 
sintered silicon carbide of the embodiment of the present 
invention, a substance referred to as so-called carbon source 
producing carbon by heading is used, and listed are organic 

25 compounds producing carbon by heating or silicon carbide 
powders (particle size: about 0.01 to 1 Mm) having surface 
coated with these organic compounds, and the former is 
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preferabl e from the standpoint of its effect.. 

As the organic compound producing carbon by heating, theie 
are specifically listed ccai tar pitch, pitch tar, phenol 
resins, furan resins, epoxy resins and phenoxy resins, and 

5 various saccharides such as monosaccharides such as glucose 
and the like, oligosaccharides such as sucrose and the like, 
pe] vsacchar ides such a:s eel Julose, starch sr.d the like, having 
high actual carbon ratio. As these cojupounds , there are 
su i crab.] y used those in the lormof liquid at normal temperature , 

10 these dissolved i.n a solvent, and those having a property of 
softening cr becoming liquid by heating such as 
thermoplastic! ty or heat fusion property, for the purpose of 
uniform mixing with a silicon carbide powder, and of them, 
su 1 Lab - e jie phenol rosins giving a molded body of high strength, 

15 particularly, resol *~ype phenol resins. 

It is believed that this organic compound produces, when 
heated , an inorganic ca rben-based compound such as carbon black 
and graphite in the system, and this compound acts effective] y 
as a sintering aid . The effect of the embodiment of the present 

20 invention cannot be obtained even if carbon black or graphite 
powder is added as a sintering aid. 

(Method of producing sintered silicon carbide jig) 

Next, one embodiment will be mentioned tc explain a method 
25 of producing a sintered silicon carbide jig used for producing 
semiconductors. The above-men tioned method of producing a 
sintered silicon carbide jig of the embodiment of the present 
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inver.tion comprises the following process (a) to (e> of: 

(a) sintering either a mixture of a sil. icon carbide powder 
rind a noumetai-based sintering aid or a molded body prepared 
from the above-mentioned powder mixture, by a hot press method 

5 ';g obtain a first sinteied body, 

(b) subjecting the above-mentioned first sintered body 
to d hschii rgp working or mechanical working treatment to obtain 
a second sintered body, 

(c) subjecting the above-mentioned second sintered body 
10 to heat treatment under an argon atmosphere at 2000 to 2400°C, 

to obtain a third sintered body, 

(d) subjecting the above-mentioned third sintered body 
to surface working treatment to obtain a sintered silicon 
-.. a; bide j iy , «i'.d 

15 washing thr« abov^-men t ioned sintered silicon carbide 

jig. 

By providing the process (c) , impurities in the second 
sintered body are outward-diffused, therefore, the purity in 
the finally obtained sintered silicon carbide jig will 
20 increase. 

This effect is really surprising since it has been 
conventionally believed that when heat treatment is conducted 
before surface working, impurities are outward-diffused and 
the purity of the finally resulting sintered silicon carbide 
25 jig lowers. 

In the embodiment of the present invention, 
"outward-diffusion" means that impurities in the second 
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sintered body are diffused onto the surface of the second 
sintered body and the impurities are diffused (released) into 
a cias phase, to decrease the impurity concenLn-tioii in the 
second sintered body. "Diffusion" has a wider meaning 

f> including also an idea of the above-mentioned 
outward-diffusion . 

Subsequent! y , individual processes in the method of 
producing a sintered silicon carbide jig of the embodiment 
of the present invention will be illustrated further in detail . 

10 <Process (a ) > 
(a-l) : 

In producing a sintered silicon carbide jig of '-he 
embodiment of the present invention, first, a silicon carbide 
powder and a n on met -based sintering aid described in the 

15 former stage of this ' specif ication are uniformly mixed, to 
obtain a mixture of the silicon carbide powder and the 
nonmetal -based sintering aid. In this procedure, it is 
preferable that a nonmeta 1-based sintering aid is dissolved 
or dispersed in a solvent before mixing with a silicon carbide 

20 powder. As the solvent, those suitable for a compound used 
as a r.onrnetal -based sintering aid can be selected, and 
specifically, for a phenol resin which is a suitable organic 
compound producing carbon by heating , it is possible to select 
lower alcohol such as ethyl alcohol and the like, and ethyl 

25 ether, acetone and the like. Also regarding this 

nonmetal-based sintering aid and solvent, it is preferable 
to use those having s low impurity content. 
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When the addition amount of a nonmota 1 -based sintering 
a id mixed with a si] icon carbide powder is too small , the density 
of a sintered body does not increase, and when the addition 
amount, thereof is ~oo large , the amount of free carbon contained 
in a sintered body ir.croases, causing a possibility cf 
disturbance of increase in density , therefore, it is general ly 
preferable to control r.h^ addition amount; to ]() wt% or l^ss, 
preferably 2 to S wt% , depending on the kind of a r.onmetai -based 
sinter, i rig a id used. This amount can be determined by 
previously quantifying the amount of silica (silicon oxide) 
on *„he surface of a silicon carbide powder using fluorine, 
and calculating an amount stoi chiometrical 1 y sufficient for 
i-;s reduction . 

The addition amount in terms of carbon amount is a value 
obtained by hypothesising t.hat siJica quantified by the 
above-mentioned method is reduced by carbon derived from a 
nonmetal -based sintering aid according to the following 
chemical reaction formula and taking into consideration the 
actual carbon ratio after thermal decomposition of a 
p.oiiinetal -based sintering aid (proportion of carbon production 
in a r.onmetai -based sintering aid) . 
SiOv + 3C ~' SiC + 2C0 
In the sintered silicon carbide jig of the embodiment of 
the present invention, it is preferable that the total amount 
of carbon atoms derived from a silicon carbide arid carbon atoms 
derived from a nonmeta 1-based sintering aid, contained in a 
sintered silicon carbide jig, is over 30 wt% and 40 wt% or 
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less. When a sintered silicon carbide jig contains utterly 
no impurity, the content of carbon atoms in - he above-mentioned 
sintered body jig is theoretically 30 wt%. Namely, when -he 
proportion of imparities contained in the above-mentioned 
n sintered body jig increases, the content of carbon atoms in 
the sintered body jig is 30 wt% or less, undesirably. When 
the content is over 40 wt%, the carbon content increases and 
the density of the resulting sintered silicon carbide jig 
decreases, and vaiious properties of the sintered silicon 
10 carbide jig such as strength, oxidation resistance and the 
like deteriorate, undesirably. 

In uniformly mixing a silicon carbide powder and a 
nonmetai -based sintering aid, it is preferable, as described 
above, thai a phono] resin which is a nonmeta 1 -based sintering 
15 aid is dissolved in a solvent such as ethyl alcohol and the 
like and sufficiently mixed with a silicon carbide powder. 
Mixing can be conducted by a known mixing means, for example, 
a mixer, planet ball mi 1 ■ and the like. It is preferable that, 
mixing is conducted for 10 to 30 hours, particularly, for 16 
20 ro 2 4 hours. After sufficient mixing, a solvent is removed 
at temperatures suitable for the physical properties of the 
solvent, for example, at temperature from 50 to 60°C in the 
case of" ethyl alcohol listed previously, and a mixture is 
evaporated to dryness, then, sieved to obtain a raw material 
25 powder of the mixture. From the standpoint of increase in 
purity, it is necessary that materials of a ba2 1 mi'. 1 vessel 
and a ball are made cf synthetic resins having as low metal 
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contcnt as possible. In drying, a granulation apparatus such 
as a spray drier and the like may be used. 
(a-2) : 

A molded body of a mixture of the above-mentioned powder 
5 or a mixture of a powder obtained by the rno] ding process (a-i-2) 
described later is placed in a molding metal moid under a 
non-oxidation atmosphere at a temperature of 2000 to ?A0V;°C 
and a pressure ot 300 to 700 kgf/ciu 2 , and hot-pressed to produce 
a first .sintered body . Regarding the molding metal mold herein 
10 used, it is pref erable that a part or al .1 of the mold is made 
of a graphite material or a Teflon sheet or the like is allowed 
to intervene in the mold so that the molded body and a motaJ 
portion of the mo Id do not 6\ recti y contact , f rom the standpoint, 
of the purity of the resulting sintered body. 
15 The pressuri ?.at ; on condition of the above-mentioned hot 

press is preferably 300 to 7 00 kgf/cm 2 . When the 
pressurization condition is less than 300 kgf/cm'', increase 
in density is insu f f ic: en r, t and when over 700 kgf/cm- , breakage 
of a molding mold such as a graphite mold or the like is caused,. 
20 leading to undesirable production efficiency. The pressure 
in pressurization can be selected depending on the particle 
size of a raw material, powder, and a raw material powder having 
smaller particle size can provide a suitable sintered body 
even if pressure in pressurization is relatively smaller. In 
25 the case of pressurization at 400 kgf/cm* or mere, it is 
necessary to select hot press parts herein used, for example, 
a dice, punch and the like, having excellent pressure 
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res is tance . 

Temperature is raised frcrn 1500°C up to a maximum 
temperature of 2000 to 2400°C over a period of .? to 4 hours. 
Tn this cane, sintering progresses quickly at 1350 to 1900°C. 
5 Further, this maximum temperature is maintained for 1 to 3 
hours to complete sintering. When the maximum temperature 
j.s less than 20Q0°C, increase in densi-y is insufficient, and 
when over 24C0 U C, there is undesirably a possibility of 
sublimation (decomposition) of a powder or molded body raw 
10 :ufi Leriai . 

Also in this sintering process, a graphite mold, a heat 
insulation materia!, or a heating furnace, and the like are 
preferabl y made of a graphite raw material of high purity from 
Jit; y Lctii'Jpoint of mair. tenance of the purity of the resulting 

15 first sintered body, and a graphite raw materia", subjected 
to purity increasing treatment is used, and specifically, 
materials which can be sufficiently baked previously at 
temperatures oi 2&G0 o C or more and generating no impurity ar 
the sintering temperature are desirable. Further, also 

20 regarding an inert gas used, those of high purity containing 
little impurities are preferably used. 
(a-1-2) : 

In the embodiment of the present invention, a sintered 
silicon carbide having excellent properties is obtained by 
25 effecting the above-mentioned sintering, and from the 

standpoint of increase in volume, a molding process described 
later may be performed prior to this sintering. 
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The molding process is a process in which a sil icon carbide 
powder and a nonmetal-based sintering aid are uniformly mixed 
to obtain a raw material powder which is placed in a molding 
metal moid, and heated and pressed at temperatures in the ranee 

5 of SO to 300°C over 5 to CO minutes, to prepare a molded body 
previously. Here, it is preferable that filling of a raw 
ma teri a I po w d e r i n V. o a rn e t a 1 mold is condur f ; e d unde r a s close 
condition as possible, from the standpoint of increase in 
density of the finally obtained sintered silicon carbide jig. 

10 'When this molding process is conducted, a bulky powder can 
be made compact previously in filling a sample for hot press, 
therefore, by repeating this molding process, a molded body 
having .larger thickness can be produced easily. 

Pressing' is conducted at a heating temperature in the range 

15 of 80 to "U)0°C, preferably of 120 to 140 o C and a pressure in 
the rage of 60 to 100 kgt/crn^ so as to give a density of a 
raw material powder filled of 1 . 5 g/eir/ or more, preferably 
1.9 g/cm' or more and the pressed condition is kept for 5 to 
60 minutes, preferably 20 to 40 minutes, to obtain a molded 

20 body composed of a raw material powder. Here, it becomes more 
difficult to increase the density of a molded body when the 
average particle si?.e of a powder is smaller, and for increasing 
density, it ispref erable to adopta method of vibration filling 
and the like in placing into a molding met a 1 mold . Specifically, 

25 it. is more preferable that the density is 1.3 g/cm H or more 
in the case of a powder having an average particle size of 
about 1 [Un and the density is 1.5 g/cm" or more in the case 
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of a powder having an average particle size of about. 0.5 prn. 
When the density is less than 1 . 5 g/c:rv' or 3 . 8 g/crc at respective 
particle sizes, it is difficult to increase the density of 
the finally obtained sintered silicon carbide jig. 

5 This molded body can be subjected to cut working so as 

to be suitable for a hot press mold previously used before 
subjecting to the sintering process. This mo'ded body is 
placed in a mcldingmetal mold under a non-oxidation atmosphere 
at a temperature of 2000 to 2400°C and a pressure of 300 to 

10 7Q0 kgf/cm" 1 , and subjected to a process of hot press, namely, 
to the sintering process , to obtain a first sintered body having 
high density and high purity. 
< Process (b) > 

Given working treatment ^s c- fleet oci on a first smterec 
15 body pr oduced by the above-mentioned process (a) , to produce 
a second sintered body. For example, when a first sintered 
body is formed into cylindrical form in conducting the hot 
press treatment in the above-mentioned process (a), slice 
working is performed along the radial direction of this first 
20 sintered body to produce a second sintered body approximately 
in the formof disc:. As the working method , there are men tinned 
discharge working and mechanical working, and from the 
standpoints of effective utilization of a sintered body and 
short working time, discharge working is suitably used. The 
25 above-mentioned discharge working is not particularly 

restricted, and can be conducted under appropriately selected 
conditions using a know method and a commercial 1 y available 
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dischcrgo working apparatus. In l.he rase of discharge working , 
a discharge wire is used, and as the discharge wire, 
commercially available products can be suitably used, and any 
of a brass wire, coated wire and the like may be permissible. 

5 Usually, the discharge wire is always kept under no-loose 
condition between a delivery part delivering the discharge 
w i re and a wind: ng pa r t. w i nd ing the d i s eha rge w i r e de 1 i ve red 
from the delivery part by a wire automatic feeding apparatus. 
The above-mentioned wire automatic feeding apparatus is so 

10 designed that the above-mentioned delivery part and the 
above-mentioned winding part can move simultaneously along 
a di rect ion vertically crossing the del ivery direction of the 
above-mentioned discharge wire. 

Regarding the cibovo-*men tioned discharge working 

15 rondi tions , i t i p gr-neral that vol tage between el eotrod^s not 
loaded on a discharge wire is about 60 to l. r ,0 V r the culling 
amount is about 3C to mmVininute , the injection pressure 
ot insulating J iquid injected from the upper dice and the lower 
dice is about 10 to 20 kg/cm*' , and temperature is about 20 

20 to jC 9 C. 

The a bo ve-men t i oned mecha n i ca 1. wc r k i ng t r ea trnen t is n o t 
particularly restricted and can be conducted under 
appropriately selected conditions using a known method and 
a commercially available mechanical working apparatus. 
25 --.process (c)> 

The second sintered body produced as described above is 
subject ed to heating and pressurizing treatment under an argon 
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atmosphero at a temperature of 2200 to 2300°C and a pressuro 
of 0.0 5 to 0.1 kgf/cm*. When the above-mentioned heating 
treatment temperature is less than 2200°C. impurities in the 
second sintered body arc not sufficiently removed, and when 
5 over 2300°C, ther*- is a possibility of sublimation cf a powder 
or molding material , undesirably. When pressure is less than 
0.05 VxjT/cuC, a: r invades a furnace, and when over 0. 1 kgf/cnr, 
a pressor ization vessel (furnace vessel) is obstructed, 
undesirably . 

10 Preferably, the above-mentioned second sintered body is 

heated at a temperature rising rate of 5°C/min or less up to 
heal treatment temperature selected in the range of 2200 to 
2 300°C under an argon atmosphere at a pressure of 0.08 kgf/crrr, 
V.eptat this temperature for 3 hours, and cool ed a t a tempcrrature 

15 lowering rate of H°C /min or '.ess down to 1000°C. When the 
temperature rising ra te is over 5°C /min , there is a possibility 
of generation of strain on the sintered body, and when. the 
temperature lowering rate is over 3°C /min, there is a 
possibility of generation of strain on the sintered body or 

20 cracking ot the sintered body. 

After the temperature in the furnace lowers to room 
temperature, the sintered body is immediately removed, and 
around a temperature of about 25°C, the above~m.entior.ed third 
sintered body is removed and subjected to the subsequent 

2f> process. 

<Processes (d) , (e) > 

The third sintered body obtained by the above-mentioned 
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process is subjected to surface working, washing and Lhe like 
depending on use object, to obtain a sintered silicon carbide 
jig. 

In this case, surface working, washing and the like are 
f> not particularly restricted , and can be conducted using a known 
apparatus and method. For example, surface working is 
conduced by polishing the surface of the third sintered body- 
using an apparatus such as a rotary grinder and the liV.e or 
controlling the roughness of the surface of the sintered body. 

10 The above-mentioned washing is conducted, for example, by 
immersing the third sintered body to be washed in washing 1 i quid 
or by performing flashing, ultrasonic treatment and the like 
on the t h i r d s i n t e red b od y . 

Thus, a sinU-'ted sIj icon carbide jig is produced by Lhe 

1 R r = h'-'ve-mer: t i oned p rodur t i on method . A s i n t ^ red s i 1 i con 

carbide j ig produced by the above-mentioned production method 
has extremely low impurity concentration. Namely, the Fe 
concentration on the surface of a sintered silicon carbide 
jig obtained by the embodiment of the present invention is 

20 o . j*Kr ,: atms/cinT or less , preferably 0 . 'A*1Q 1 * atms/cin"' or less . 
The total content of impurities in a sintered silicon carbide 
jig obtained by the embodiment of the present invention is 
fj.pprn or less, preferably 3 ppm or less, more preferably 1 
pjpm or Jess, further more preferably 0.5 ppm or less. From 

25 the standpoint of application to the semiconductor industry 
f ie3d, the impurity con tent measured by chemical analyses has 
only a meaning of reference. Practically, ev«3 uation differs 
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dependiny on whether impurities are uniformly distributed, 
or: localized. Therefore, in general, those skilled in the 
art evaluate to what extent a wafer is polluted by impurities 
under given heating conditions using a practically apparatus , 
by various means . According to a production method comprising 
a calcination process in which a liquid silicon compound, a 
nonmeta: -based s: ntori nq aid and a polymerization or 
cross-] inking catalyst are uniformly mixed to obtain solid 
whi ch is carbonated by heating under a non-oxidation a Lniosphei e 
before further calcination under a non-oxidation atmosphere, 
the total con tone of impurities ether than silicon, carbon 
and oxygen contained in the sintered silicon carbide can be 
lower to 1 ppm or less. 

FuiLher, a «li.t«i.fd silicon carbide j ig obtained by the 
embodiment of the present invention has been treated 
•sufficiently to get h: yh. density and has a density of 2 . 9 g/cm'' 
or; more. When the density of the resulted sintered body jig 
is less than ?..[) g/cm , dynamic properties such as bending 
strength, fracture strength and the like and electrical 
properties decrease, further, particle increases and a 
pollution property deteriorates, undesirably. The density 
of the sintered silicon carbide jig is more preferably 2:9 
g/cm 1 or more. 

In general, when the sintered body jig is a porous body/ 
problems such as limited use and the like occur from the 
following ground . The ground includes as poor heat resistance, 
oxidation resistance., nhemical resistance and mechanical 
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strength, poor washing property , and poor material properties 
such as occurrence of small cracking to produce small pieces 
as a pollution substance, generation of gas permeability, and 
the like. However, such problems are extremely hard to occur 

5 when a sintered silicon carbide jig of the embodiment of the 
present invention is used. 

In addition, a sintered silicon carbide jig sintered under 
an argon atmosphere obtained i.n the embodiment of the present 
invention has physical properties as described below in 

10 preferable embodiments. For example, the bending strength 
a I. room temperature is 500 to 650 kyf/mm*, the bending strength 
a- 15Q0°C is 550 to 800 kyf/nur.*, the Young's modulus is 3.5*10 4 
to 4.5x10"'*, the Vickers hardness is 2000 kgf/inm 2 or more, the 
Pulsion's ratio is 0.14 to 0.21, the thermal expansion 

15 coefficient is "3.8x10 c " to 4.?.xl0' fc (°C .-;hc thermal 

conductivity is 150 W/:n'k or more, the specific heat is 0.15 
•:o0.18c*"il/g*°C. the thermal shock resistance is 500 to 700AT°C, 
tne specific resistance is O.OlQ-cm or more. 

h sintered silicon carbide jig obtained by the embodiment 

20 o: the present invention has the physical properties as 
described above, therefore, is used for semiconductor 
production parts, electron information equipment parts and 
the like. As the main semiconductor production apparatus in 
which parts made of a sintered body of the embodiment of the 

25 present invention are used, there are listed, for example, 
an exposure apparatus , resist treatment apparatus , dry e tching 
apparatus, washing apparatus, heat treatment apparatus, ion 
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inaction apparatus CVD apparatus, PVD apparatus, dicing 
apparatus and the like, and examples of the pares include a 
plasma electrode for a dry etching apparatus, a protective 
ring (focus ring) , a slit part (aperture) for an ion injection 
5 apparatus, a protective plate for an ion generation portion 
or mass spectrometry portion, a dummy wafer used in wafer 
treatment in a heal treatment, apparatus or a CVD apparatus, 
a heat generation heater in a heat treatment apparatus, CVD 
apparatus or PVD apparatus, particularly, a heater having a 
10 lower portion directly heating a wafer, and the like. 

As the electron information equipment part, listed are 
a disc foundation bed for a hard disk apparatus, a membrane 
magnetic head foundation bed and the like, and a sputtering 
:..-ity«L for fuxnuLion of a membrane on the surface of a 
1R photomagnet ic disc or on various sliding surfaces is also 
involved in this part. 

As the optical part used, reflection mirrors for 
synchrotron radiation (SR) , laser beam, and the like are also 
involved . 

20 The production method of the embodiment o£ the present 

invention has been explained using the listed embodiments, 
however, the embodiment of the present invention is not 
construed to be limited to these embodiments. Therefore, in 
the production method of the embodiment of the present 

25 invention, known heating furnaces and reaction apparatuses 
con be used considering the pressure resistance of a sintering 
moid without particularly being limited to production 
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appara tusos and the- like provided thai whe above-mentioned 
heating conditions can be satisfied. 

Regarding the purity of a si] icon carbide powder which 
is a raw material powder of the embodiment e~ the present 

5 invention, a silicon source and a r.onmetal-based sintering 
aid for producing a raw material powder, further, and further, 
an inert: gas used for maV. i ng a non-oxidation atmosphere , it 
is preferable that the content of each impurity element is 
1 ppm or less , howevei , the content is not necessar i ly 1 i mi ted 

10 zo this providing :: t is in the range in which purification 
in heating and calcination processes is permissible. The 
impurity elements here inciude elements belonging to group 
T to group XVI in the periodic tabJe according to 1989 TUPAC 
inorganic che:fiistiy n umenc la tu re revised edition, having an 

15 atomic number of i or more, and excluding e?. emen:;s having an 
nl.oinic number of 6 to 3 and 14 vo 16. 

Examples 

Th e f o 1 3. ow j. ng e x a nip 1 e s , a n d c ornpa r a t i v e e x amp 1 e s will 
20. describe the present invention specifically, but iz is needless 
to say that the scope of the present invention is not .limited 
to the following examples - 
(Example 1) 

<? reduction of molded body> 
25 00 y of a silicon carbide powder of high purity (average 

particle size 1 . 1 um: si licon carbide powder having an impurity 
content of 5 pp:n or loss produced according to the 
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«bove-nu?n tioned production method filed as Japanese pa Lent 
Application No. 7-241356: containing 1 . !5 wt% silica) and 10 
q of a high purity liquid resol type phenol resin having a 
water content of 20% (actual carbon ratio after thermal 
5 decomposition: 50%) dissolved in 150 u of othanoi were stirred 
for 18 hours for suf f icier. z mixing in a planet ball mi 11 . Then , 
:_he mixture was heated at 50 to 60°C to evaporate ethar.o! to 
dryness, and applied on a sieve of 500 }im to obtain a uniform 
silicon carbide raw material powder. 

10 < Production of sintr-ied body> 

3 kg of this raw material powder was placed in a graphite 
mold having a diameter of 160 nun, and subjected to hot press 
under Die f ol low a ng condi tions using a res i stance heating mode 
hot press cs a hut pi ess apparatus. 

15 The powder was heated from room temperature to 70()°C over 

C hours under a vacuum condition of 10" v to 10 4 torr , and kept 
t -.: the same temperature for 5 hours (first temperature rising 
process). Next, the powder was heated from 70C ,r5 C to 1200°C 
over 3 hours under a vacuum condition, further heated from 

20 1200°C to 1500°C over J hours, and kept at the same temperature 
:"or 1 hour, (second tempera ture rising process) . Further, the 
powder was pressed at a pressure of 500 kgf/cirT, heated from 
1500°C to 2200°C over 3 hours under an argon atmosphere, and 
kept at the same temperature for 1 hour to obtain a first sintered 

25 body (hot press process) . 
<Work Lng tre.it.iner:t> 

SJice working was conducted along the radius direction 
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o:: -he resulted first, sintered body using a wire apparatus 
manufactured by Mitsubishi Electric Corp. , to produce a second 
sintered body approximately in the form of disc having a 
diameter of 150 mm and a thickness of 2 mm. 

5 < Keating t tea Lmon L> 

The resulted second sintered body was placed in a heating 
furnace . The second sintered body was heated at a temperature 
rising rate of 4 u C/rnin up to a maximum boating treatment 
temperature of 30C a C, and kept at the same temperature for 

10 y, hours. Then, the sintered body was cooled at a temperature 
lowering rate of 3°C/min down to 1000°C, then, forcibly cooled 
to obtain a third sintered body. The third sintered body was 
removed from the heating furnace at a removal temperature of 
':0°C, and sub j t*c t^d to the following pror.fss . 

h r j < Surface working, wo.srir:g> 

The resulted third sintered body was subjected to surface 
working using a rotary grinder, and the third sintered body 
after surface working was immersed into a treatment liquid 
bath con t.a iningpu re water and an acid for 3 0 minutes for washing 

20 thereor . In this p rooedure , • washing was conducted while 
irradiating the above-mentioned treatment liquid bath with 
an ultrasonic wave. 

Thereafter, the impurity concentration of the dried 
sintered silicon carbide jig was measured. 

25 The physical properties of the sintered silicon carbide 

jig obtained in Kxamp.le 1. were measured in detail to find that 
the bending strength at room temperature was 570 kgfVmm 4 '' , the 
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bendir.g strength at 1 500°C was 600 kcjf /mm 2 , the Young' s modulus 
was 4 . 1 *10'\ the Poisson' s ratio was 0 . 15 , the t norma 1 expansion 
coefficient was 3.9x10 {°C ' ) , the thermal conductivity was 
200 W/m*k or more, the specific heat was 0.16 cal/g*°C and 
:J.e thermal shock resistance was 530AT°C, as other physical 
properties than those described above, confirming that all 
o f t h e p h v sic a 1 or op e r t i e s required f o r a sintered s i 1 i c o n 
carbide jig wore satisfied. 
{Example 2) 

A sintered silicon carbide jig was produced in the same 
;iiarmer as in Example 1 except, that the heating treatment 

temperature was set at X2bO°C, and its impurity concentration 
was measured . 

("f.x ample 3) 

h s.inl'»r»*fl s .11 icon carbide jig was produced in the same 
manner as in Example 1 except that the maximum temperature 
keeping time was changed to 2 hours and its impurity 
c o n c e n t r a tic n w a s m o a s u r e d . 
(Comparative Example 3 ) 

A sintered silicon carbide jig was produced in the same 
manner as in Example 1 except that the heating treatment at 
2200 to 2 300°C was not conducted , and its i mpu ri Ly conceni.ra Lion 
was measured. 

The results in Example 1 to 3 and Comparative Example 1 
are summarized in Table 1. 
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Table 1 



Impuricy 


Example - 


Example 2 


1 Comparative 
Examole 3 > 

j Example 1 _ 




o . : 4 


0.19 


0.16 0.66 




0.00 


0.01 


0.00 0.00 


?--*nark 


Unit of impurity concent rat. "ion in ^ah!p is xi0" c atm/rrrr' 



From the above-mentioned results, it was confirmed that 
impuriuy concen L i o Lion Can be .simply reduced according to the 
5 ex.Hinp] e.s . 

Though only the resulus of measurement of the 
concentrations of Fo and Ni which are main impurities in 
producing semiconductor parts and the like are described, it 
was confirmed that other impurities can be suitably removed 
10 TjV.e J 7 ** and N*. according to the examples. 

INDUSTRIAL APPLICABILITY 

The present invention can simply increase the purity of. 
a sintered silicon carbide jig used for production of 
15 semiconductors , by having the constitution as described above . 

Further, a sintered silicon carbide jig of high purity 
used for producing semiconductors is provided. 
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WHAT IS CLAIMED TS: 

1 . A method of producing a sintered silicon carbide jig used 
for producing semiconducto r. s , comprising : 
5 (a) sintering either a mixture of a silicon carbide powder 

and a no tune ta * --based sintering aid or a molded body prepared 
from the powder mixture, by a hot press method to obtain a 
first sintered body, 

(b) subjecting the first sintered body to 

10 working- treatmenL to obtain a second sintered body, 

(c) subjecting -he second sintered body to heat treatment 
under ,*n argon atmosphere at 2000 to 2400°C, to 
outward-diffusing impurities in the second sintered body to 
jeinove the impurities to obtain a third sintered body, 

15 (d) subjecting thn third sintered body to surface working 

trea tment to obtain a sintered silicon carbide jig, and 
(e) washing the sintered silicon carbide jig. 

2. The method of producing a sintered silicon carbide jig 
20 according to Claim 1, wherein, in the process (cj , the second 

sintered body is subjected to heat treatment under an arqon 
atmosphere at 220C to ?.300°C. 

3. The method of producing a sintered silicon carbide jig 
25 according to Claim 1 or. 2 , wherein, in z\\e process (c) , the 

second sintered body is heated at a temperature rising rate 
of 5°C/min up to heat treatment temperature selected in the 
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r range from 2200 to 2300°C at a pressure of 0.05 to 0.1 kg/cm* 
under an argon atmosphere, kept at the heat treatment 
temperature for 1 to 5 hours, and cooled at a temperature 
lowering rate of 3°C/min down to 1000°C. 

5 

<I . The method of producing a sintered silicon carbide jig 
according to any one of Claims 1 to 3, wherein the Fe 
concentration on the surface of the sintered silicon carbide 
jig aftei. the process (e) is 0.5*10 3 '* atms/cm" or less. 

10 

5. The method of producing a sintered silicon carbide jig 
according toanyoneof Claims ] to A , wherein the total impurity 
concentration on the surface of the sintered silicon carbide 
j Iq after the process (e) is 1.0xlO M ' atms/cm* or less. 

15 

6. A sintered silicon carbide jig produced by the production 
method according to any one of Claims 1 to 5. 
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